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Abstract 
In boxing, evaluation of punch forces correlated with strikes frequencies and reaction time may give suitable information for 
intrinsic performance of athletes. Such information can be used for the follow-up of physical and technical preparation, for 
elaboration of selection criteria as well as for the young talent detection. We have developed a new device, able to quantify the 
athlete's reaction time, the force of punches and the frequency of series of strikes on height adjustable impact target. 
The device's concept, design, construction, calibration and preliminary tests made by amateur athletes are presented to explain 
the possibilities of applications of such device in research and boxers training. 
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Nomenclature 
MT Torque [N.m] 
Į Twist angle [°] 
İ Strain torsion bar [ȝ straints]
L Length of the torsion bar [m] 
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R The radius of the torsion bar [m] 
G Rigidity coefficient [N/mm2]    
F  The Fist punch force [N] 
P The Mobile structure weight (target + target support) [kg]  
d ’  The length of the lever arm until the target [m] 
d  The length of the lever arm until the mass centre of the target + target support  [m] 
1. Introduction 
To measure the maximum strength of boxers punch, several systems have been proposed in the scientific 
literature. The first structures were based upon punch bag dynamometers using water displacement equipped with  
a pressure sensor (Fritsche, 1978). The strength of the punch was obtained by measuring the change of the fluid 
pressure upon receiving the impact. These structures were limited by the need to control and stabilize the fluid 
pressure inside the punch bag before the next punch force measurement (Smith et al., 2000), resulting in  no 
measurement of the strength of a serie of several successive punches. Other similar training bags to the first ones 
without using fluid were exploited by Rubin (1998); they do not allow accurate measurement of the impact force of 
the punches on the bag because a part from the incident energy was absorbed by the material filled in the bags. 
Systems based on ballistic pendulum have also been developed in order to quantify the maximum force of the 
punches (Atha, 1985; Villani and Preli, 2003) they are suitable for laboratory measurements and do not allow to 
quantify series of punches, as the pendulum must be returned to its original position for the next measurement.  
The same problem is observed with training bags provided with acceleration sensors (Broker and Crawley, 2001), 
since the swinging of the bag after the punch reception leads to errors in the strength quantification of the next 
punch. A measurement system based on a boxing glove provided with a triaxial accelerometer was performed by 
Klapman (1998), but the latter alone does not allow access to the impact force as the hand effective mass varies 
according to the technical and physical condition of the boxer. Systems based on piezoelectric sensors (PVDF) 
placed on punch bags were realized by James (2004) for measuring the striking force. These systems are limited by 
the difficulty of handling PVDF films and response thereof which varies with the temperature. Other structures 
have also been used based on force platform (Karpilowski et al., 1994); the strength of the kick was measured using 
strain gauges by the quantification of rigid structure strain under the effect the force of the received kick. These 
systems have the disadvantage of developing psychological effect on the boxer that hinders and prevents develop 
maximum strength. 
 
Various systems have been presented in the literature for measuring the frequency of a series of strikes, touch 
time and reaction time of boxer towards a stimulus (Begelow and Carlin, 1985; Cacacho et al., 2008). A device 
developed by Villani et al. (2006) was used to measure the speed of a single punch, the frequency and the speed of 
a series of punches for a short period of 5 s and the speed and frequency of strikes for a longer period of 15 s to 
assess the frequency speed of punch. The system consists of an ergotester associated with a set of piezoelectric 
cells placed on the shoes of the boxer and around punch bag. The athlete must be positioned at a given distance 
from the bag to give strikes. Another device based on inertial sensors was used to quantify the reaction time and 
touch time (Favre et al., 2007). The measurement system consisted of three accelerometers placed on the fist and 
three gyroscopes placed on the chest and pelvic region of the boxer, a LED was used as a stimulator. The reaction 
time was considered as the laps time between the activation of the stimulation signal and the first pelvis, chest or 
fist movement captured, otherwise the touch time was considered between activation of the stimulus and the 
moment when the strike reached the target. This device is very interesting because it gives access to the reaction 
time of the athlete. Unfortunately, it does not give access to the intensity of the strike and the frequency of a series 
of strikes. 
 
In this work we present a punch analysis tool for boxers. Calibration curves are presented and commented. At 
last, the possibility of its use in research and in the training of athletes is discussed. 
413 Samir Chadli et al. /  Procedia Engineering  72 ( 2014 )  411 – 416 
2. Concept, Design and Construction 
The instrument (See Fig. 1) is built around a torsion bar (1), which constitutes the elastic element of the 
measurement structure. One end of the bar is fixed (2) and the other is free to move about its transverse axis (3). 
The torsion bar is placed on a frame (4), a rectangular target (5) of 20 x 25 cm2 is adjustable in height and fixed to a 
lever arm (5) which is fixedly connected to the elastic element whose function is to absorb incident punch energy. 
A set of sensors (7) consisting of a bridge of strain gauges associated with the torsion bar (1) and two 
accelerometers, one is attached to the target (6) and the other worn by the boxer inside the glove. The strain gage is 
used to assess the force associated with the incident punch by the elastic element strain quantification under the 
effect of the impact force. The first acceleration sensor can measure acceleration of the target at the time of impact 
and after impact. On the other hand, the second accelerometer worn inside of the glove allows one to measure the 
acceleration value of the boxer fist throughout the attack action as well as acceleration at the impact of his fist on 
the target. It also sets detect the boxer time reaction in response to a signal stimulation. 
An electronic system for conditioning the output signals of the sensors (8) ensures conditioning and filtering the 
signals from the different sensors. A 16-bit data acquisition card (9) digitalizes measurement signals for processing 
and storing on a laptop or a desktop PC (10). An infrared light barrier not illustrated in Fig. 1 was associated with 
the structure, placed immediately next to the target. This barrier was used to measure the punch velocity before 
impact. A stimulation system based on a LED or a speaker was used with the device for evaluation reaction and 
touch times of the athlete. The structure is equipped with a mechanical damping device (11) which has been sized 
to minimize the number of oscillations in order to increase the rate of receiving a series of successive strikes. 
 
 
Fig. 1. Punch analysis tool structure. 
The target under the effect of the incident fist  (See Fig. 2 a) is animated by a movement of rotation with an 
initial velocity V around the torsion bar transversal axis, the latter tends to oppose this movement and to bring the 
target to its initial position. At a maximum twist angle, the torque bar is maximal and is equal to 
MT. The corresponding torsion angle is maximal and is equal to Įmax. Fig. 2 depicts a sectional view in the 
plane (Oyz). Fig. 2a shows the upper part of the device at the instant of shock (t = ti), while Fig. 2b corresponds to 
the upper part of the device at the final time (t = tf) after which the target is projected to the right with a 
maximal deviation and will return to its initial position. In these diagrams, the torsion bar is in the direction 
(Ox) perpendicular to the plane of the figure and is represented by its section D. The effect of a static force F, 
which is applied to the center of the target in a horizontal direction would lead to the occurrence of a torque 
MT given by     
DD sin..cos..' PdFdMT   (1) 
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where P is the device weight and D the deviation angle.  
Thus the force F is calculated by equation (2):   
)
cos.'
sin..(
D
D
d
PdMF T   (2)  
The torque MT is measured using the strain gauge that provides access to the torsion bar strain İ through the 
following relation : 
HS ... 3RGMT   (3) 
The twisting angle D can be deduced from the two expressions (1) and (3) of the torque MT : 
)
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Fig. 2. The forces involved in the analytical instrument punch; (a)before impact, (b) after impact 
3. Calibration 
 At a first step we performed an absolute calibration using overloads known masses. Experimentally, we have 
brought the support of the target to the horizontal position and we set at a distance of 60 cm from 
the longitudinal axis of the torsion bar loads of 5 kg mass so we could vary the suspended weight from 5 kg to 120 
kg by a set of  
5 kg. After stabilizing the bar-target system, we measured the output voltage conditioner gauge bridge of the 
torsion bar according to the twist angle that has been measured using an Accustar electronic clinometer with a 
resolution of 0.1 °. Figure 3-a shows the static calibration of the elastic element of our instrument curve : 
 
 
 
 
 
 
 
 
 
Fig. 3. The calibration curve of the torsion bar, a- static calibration-curve, b- dynamic calibration curve without dumper, c- dynamic calibration 
curve with dumper 
The fit of the data to the least squares sense has allowed us to have the expression of the characteristic:  
Vout = f (șZLWK 
T.SVout   (5) 
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Sensitivity (S) deduced experimentally of the slope straight line is equal to 141 mV/°.  
On the other hand, a dynamic calibration of the device has been carried out for the hydraulic damping 
coefficient assessment in order to measure the maximal range of allowable frequency shocks. This calibration was 
performed by applying a force step to the torsion bar. The natural frequency of the system obtained at the 
beginning (without shock) was 5.56 Hz with a damping coefficient of 0.62. Then the oil volume of the damper has 
been varied so that the frequency has been reduced of 2 Hz with a damping coefficient of 0.7 for an optimal 
response time. Fig. 3-b and Fig. 3c show the response of the instrument without,  and with damper respectively. 
4. Field Testing Results 
A total of 11 amateur college athletes have experienced the device (mean r SD age: 23.5 r 0.5 years, height:  
1.79 r 0.09 m, mass: 77.36 r 11.06 kg). Three different series of tests were performed by these athletes. The first 
one was to bring from an initial static position a strike with maximum power on the target. The second test was 
aimed measuring the time of reaction and touch time toward a visual stimulation for an athlete placed 50 cm from 
the target. The last test aimed at a maximum set of strikes in a time limit of 5 s after the activation of a stimulation 
signal to measure the strike frequency on the target. Table 1 summarizes the results obtained during the tests: 
Table 1. Tests' results. 
Athletes Punch frequency 
(punch/s) 
Reaction time  
(ms) 
Touch time  
(ms) 
fist acceleration  
(g) 
max Force  
(N) 
Athlete 1 1.85 470 750 25.5 1023 
Athlete 2 3.03 215 432 30.2 996 
Athlete 3 3.18 280 488 24 1011 
Athlete 4 2.74 362 571 27 993 
Athlete 5 2.65 480 674 23.2 761 
Athlete 6 2.88 270 496 27.1 1087 
Athlete 7 3.17 275 477 23.6 1162 
Athlete 8 3.94 260 480 28.2 1021 
Athlete 9 4.27 300 482 29.5 833 
Athlete 10 4.02 320 514 25.2 1090 
Athlete 11 2.17 420 602 29 902 
 
Fig. 4 shows the curve of the maximal force versus time in a series of two punches (left - right) 
 
 
 
 
 
 
Fig. 4. Punch force curve versus time of a series of two strikes. 
The reaction time was considered as the time between the stimulation signal activation instant and the instant at 
which the boxer fist starts to move. The touch time is measured between the moment at which the stimulus 
activation begins and the instant of time when the fist touches the target. 
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5. Discussion 
The strikes of the 11 athletes in the various tests are characterized by a mean interaction time of 25ms that can 
be deduced from punch force versus time curves. The maximum strength varied between 761 and 1162N. these 
results are lower than those obtained by Walilko et al. (2005) that are between 1990 and 4741N and those obtained 
by Dyson et al. (2005) (between 2471 and 4236 N). This difference in our opinion is mainly due to the level of our 
amateur athletes compared with those who participated in the testing of other researchers and on the other hand 
because of the conditions of the tests which are different. The same discussion is also valid for the linear fist 
acceleration obtained that varied between 23.2 and 30.2g, g being the acceleration of gravity (9.81m/s²). These 
values are lower than those obtained by Walilko et al. (2005) which were between 33 and 78 g. 
The reaction time obtained in the second test varied between 215 and 470 ms, these values approach the results 
obtained by Favre et al. (2007). 
For Touch time we found values ranging from 432 to 750ms which are always close to the values obtained by 
Favre et al. (2007) between. The strike frequency obtained during the third series of tests varied between 1.85 and 
4.27 punch/s, we have not been able to compare these results with other works. 
6. Conclusion 
A new punch analysis tool for boxers has been developed. During a punch, several parameters can be 
investigated: the athlete maximal force and its fist acceleration can be assessed. The reaction time, touch time, 
interacting time of the fist on the target can be obtained experimentally. At last, punch frequency of a series of 
several strikes can be determined. This device can be used to improve the force and frequency of strikes as well as 
the reaction time of an athlete. The results of the instrument calibration indicate that it can be very useful in the 
athlete's strikes technical analysis research. 
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